
CHAPTER 8

Insolation Control of Monsoons

Ruddiman uses correlations between 

monsoon history and Milankovitch

orbital variations to illustrate their 

powerful roles in Earth’s climate.



“Monsoon”

seasonally reversing wind regime 

accompanied by changes in precipitation

Calcutta in July



North American

Monsoon



http://www.worldometers.info/world-population/

We are now 7.5 billion people,

and many of us live in regions affected by the monsoons



date of onset of summer monsoon

https://www.britannica.com/science/Indian-monsoon



land warms faster than ocean

“giant cousin of an onshore breeze”



Nowadays, monsoon is used to 

describe seasonal changes in 

atmospheric circulation and 

precipitation associated with the 

asymmetric heating of land and sea.

Burkina Faso



Usually, the term monsoon is used to refer 

to the rainy phase of a seasonally-changing 

pattern, although technically there is also a 

dry phase (winter monsoon).

Yemen



rem: seasonal wind shift



https://scied.ucar.edu/docs/why-monsoons-happen





Regions where monsoonal rainfall is important

India, Bangladesh, Pakistan, Nepal, Tibet: South Asian Monsoon 

(summer)

SE India and Sri Lanka: Northeast Asian Monsoon (autumn)

Phillipines, Indochina, China, Korea, Japan (South Asian 

Monsoon (summer)

northern Australia: Indo-Australian Monsoon (summer)

subSaharan Africa: African monsoon (summer*)

northern Mexico & SW USA: Mexican or N American Monsoon 

(summer)



northern Mexico, southwestern USA (North 

American Monsoon)

precipitation in 

Santa Fe



Changes in monsoon 

climates cause enormous 

ecosystem changes



The South Asian Monsoon accounts for 80% 

of the rainfall in India and Pakistan. 

Monsoons are a big deal sociopolitically





mean rainfall amount (mm) for the monsoon season (1 

May – 30 September) in West Africa. Period 1995–

2006. Based on NOAA/CPC Climatology Method Rainfall Estimates. Africa 

Rainfall Climatology (CPC ARC) Series.



Atlantic 

Ocean





Map showing mean rainfall amount (mm) for the monsoon season (1 May – 30 

September) in West Africa. Period 1995–2006. Based on NOAA/CPC Climatology 

Method Rainfall Estimates. Africa Rainfall Climatology (CPC ARC) Series.



maximum extension 

of the Holocene 

"Lake Mega-Chad" 
(light blue area limited by a 

blue dotted line)

Wikipedia 2013

Lake Chad provides water to more 

than 20 million people.



Lake Chad

arrows indicate 

paleo-shoreline

note stabilized 

sand dunes



“…30 percent decrease took place in the lake between 1966 and 1975. 

Irrigation only accounted for 5 percent of that decrease, with drier 

conditions accounting for the remainder. ..irrigation demands 

increased four-fold between 1983 and 1994, accounting for 50 percent 

of the additional decrease in the size of the lake. “

Journal Geophysical Research 

2001

Coe and Foley:

Lake Chad today….
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eccentricity obliquity

precession of

equinoxes

---- interactions ------

Resulting cycles @ 100,000     41,000       23,000 yr



9000 yr BP: greater 

obliquity + summer-

time perihelion













CHAPTER 8

Insolation Control of Monsoons

Ruddiman uses correlations between 

monsoon history and orbital variations 

to illustrate their powerful role in Earth’s 

climate.

What’s the geological evidence?



Lake Turkana (Rudolf)



J of  Human Evolution 2007



Fragmentary record from early Pleistocene

Lots of tectonism



Age control: 



J of Human Evolution 2007

Regional pluvials intermittently coincide with precessional radiation highs



precession

ca. 23 ka

Detailed part of record shows pluvials coincided 

with precession cycle ca. 23 ka



More recent geological evidence for 

Milankovitch effects on monsoons



Gilf Kebir today



Green Sahara: African Humid Periods Paced by Earth's Orbital Changes
By: Peter B. deMenocal & Jessica E. Tierney © 2012 Nature Education

Citation: deMenocal, P. B. & Tierney, J. E. (2012) Green Sahara: African Humid Periods Paced by Earth's Orbital Changes. Nature Education Knowledge 3(10):12

Today, perihelion 

occurs in northern 

hemisphere winter but 

at 10,000 years ago 

(half of a precession 

cycle) it occurred in 

northern hemisphere 

summer, and summer 

radiation over North 

Africa was about 7% 

higher than it is today 

(Berger, 1988; 

Kutzbach, 1981)

Data are from the Oxford Lake Level Database 

(COHMAP members, 1988, Street-Perrott et al., 

1989) updated with lake-level reconstructions 

generated in the last twenty years (Tierney et al., 

2011).



Figure 2

(a) Change in seasonal (summer) 

insolation for North Africa (20˚N) 

and paleoclimate records of the 

African Humid Period: (b) African 

lake level status (updated Oxford 

Lake Level Database; COHMAP 

members, 1988, Street-Perrott et al., 

1989, Tierney et al., 2011), (c) Niger 

River outflow inferred from 

δ18Oseawater, (Weldeab et al., 2005); 

(d) Ocean Drilling Program (ODP) 

Site 658 dust flux (deMenocal et al., 

2000, Adkins et al., 2006); (e) Lake 

Tanganyika δD of leaf waxes (δDwax; 

Tierney et al., 2008).







The Nile drains 

regions 

dominated by 

monsoonal 

rainfall



Sapropel (a contraction of ancient 

Greek words sapros and pelos, meaning 

putrefaction and mud, respectively) is a 

term used in marine geology to describe 

dark-coloured sediments that are rich in 

organic matter.

https://www.uu.nl/staff/FJHilgen/0Ptolemais, Cyrenaica



Sapropels are dark-coloured shale-like 

sediments rich in organic matter (>2% 

organic C)

8-9 my old, uplifted marine sediment, Sicily



Depths greater than 300 m became anoxic ca. 

9500 BP and remained so until ca. 6000 BP

See interesting web page maintained by Eelco J. Rohling 

:www.noc.soton.ac.uk/soes/staff/ejr/DarkMed/dark-title.html









“…30 percent decrease took place in the lake between 1966 and 1975. 

Irrigation only accounted for 5 percent of that decrease, with drier 

conditions accounting for the remainder. ..irrigation demands 

increased four-fold between 1983 and 1994, accounting for 50 percent 

of the additional decrease in the size of the lake. “

Journal Geophysical Research 

2001

Coe and Foley:

Lake Chad today….

Why this is important….



Foley et al., Regime shifts in the Sahel, Ecosystems (2003)

Nonlinearities in orbital forcing of 

monsoon rainfall in the Sahel



Slow orbital forcing

But sudden 

ecosystem 

responses

suggests presence of thresholds and feedbacks

Pollen records

Deep sea cores

Milankovitch

Foley et al (2003)



Adapted from J. F. Griffiths, 

Climates of Africa [Amsterdam: 

Elsevier, 1972]. 



Foley et al (2003) Ecosystems.



observed

modeled w/o 

veg. changes 

and feedbacks

veg. 

feedbacks 

included
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Foley et al. (2003)



orbital forcing from precession             monsoon rains

vegetation/surface feedbacksfire regime

An additional complication….





To review…..Precession cycle brings several 

thousand years of increased summer radiation 

every 23 ka.





rem: more 

intense 

summer 

insolation

and 

weaker 

winter 

insolation

ALWAYS 

occur 

together at 

one 

location



changes in winter monsoon are irrelevant for 

moisture balance in the Sahel because 

winters are dry there anyway



Again, 

note the 

lack of 

any 

wintertime 

response

Ruddiman’s 

summary of 

North 

African lake 

levels



23,000-year 

precession of 

equinoxes shows 

up strongly in 

monsoons of other 

regions



Fujian province, China



Hulu and Dongge Caves



Anton et al (2010) Quaternary Science Reviews



Chinese cave del18O record is the 

new darling of paleoclimatologists

???why should the Chinese cave records of 

monsoonal rainfall correlate to temperature history of 

Greenland???



Green lines show del 
18O in calcite

cave deposits.

The del 18O variations 

correlate with 

precession-driven 

peaks in midsummer 

solar insolation in 

each polar 

hemisphere.



CHAPTER 9

Insolation Control of Monsoons by the 
23,000-year, precession of the 
equinoxes, Milankovitch cycle

Ruddiman uses monsoon history to 

illustrate the powerful role of orbital 

variations in controlling Earth’s climate.



John Kutzbach 

Professor Emeritus 

Center for Climatic Research

University of Wisconsin

orbital monsoon hypothesis: changing 

solar insolation affects the strength 

and extent of monsoon systems

Rudolf Ferdinand Spitaler

Austrian Astronomer

1849-1946
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